The traditional organic ruthenium dyes have some disadvantages, such as the routes of the synthesis of ligands being too time-consuming, the separation and purification of the ligands being difficult, the lower photo-electric conversion efficiency and so on. In view of these disadvantages, we designed and synthesized a new 9,9-[di-(2-ethylhexane]-4,5-diazafluorene ligand. Then we got the dye-sensitized solar cell using this ligand. Such ruthenium dye contains a kind of derivative of 4,5-diazafluorene ligand, and comparing with the traditional bipyridine ligands, the synthetic route is more simple and it's suitable for large-scale practical application. The short-circuit current (Jsc), open-circuit voltage(Voc), fill factor (ff) and photoelectric conversion efficiency(η) of the prepared dye-sensitized solar cell is 14.75-15.02 mA/cm 2 , 681-696 mV, 0.66-0.70, 6.8-7.0 % respectively, when measured in the standard AM 1.5 simulated sunlight. Keywords: 4,5-diazafluorene ligand, Dye-sensitized solar cell, Ruthenium dye The solar energy is the most ideal clean energy in multitudinous renewable energy undoubtly, and it may meet the needs of production and life of people. At present, among numerous kinds of solar cells, the silicon solar cell has occupied the main share of solar cell market depending on its high conversion rate and mature technology. However, the silicon solar cell's operating cost is high and it is difficult to further enhance the efficiency of it. Besides, its raw materials is expensive. So the silicon solar cell's popularization is hard. In 1991, professor Grätzel coming from Swiss Federation Senior Engineer had reported highly effective dye-sensitized solar cell . (Brian O'regan, 1991) Dye-sensitized solar cell's photo-electricity conversional efficiency has been closed to that of the silicon solar cell after more than ten years's unceasing research. More importantly, the production cost of dye-sensitized solar cell is only 1/10 to the cost of the silicon solar cell. So the dye-sensitized solar cell has a good application prospect and it will substitute for the silicon cell to occupy the solar cell market in the future. The dye-sensitized solar cell having a photo-electricity conversional efficiency of 11% had been reported. ( Nazeeruddin M. K., 2005; Grätzel M., 2008; Su H. C., 2008) But the synthetic route of traditional organic ruthenium dye ligand is time-consuming and it is difficult to purify. (Wang P., 2003) In addition, the photo-electricity conversion efficiency of organic ruthenium dye is insufficient. (Gao F. F., 2008) In order to solve the above problems, in this article, we have designed and synthesized a new kind of ligand which includes the 4,5-diazafluorene and furtherly, we have done the application of it in the dye-sensitized solar cell. The synthetic routes of the ligand and the ruthenium dye are shown in Scheme 1 and Scheme 2.
hours. After finishing the reaction, the mixture was extracted with CHCl 3 three times and dry over anhydrous MgSO 4 . After rotary evaporation solvent under a reduced pressure, the crude was purified by column chromatography with ethyl acetate as eluent to afford the title product (3.0 g, yield 60%; 55% yield of the literature). Elemental analysis [%, C 11 H 6 N 2 O calculated] C, 72.52 (72.48), H, 3.32 (3.26) , N, 15.38 (15.40) . 1.2.2 The Synthesis of 9H-4,5-diazafluoren (b) ( Wang P., 2003) The 9H-4,5-Diazafluoren-9-ketone (4.0 g), KOH(4.0 g) dissolved in 150ml ethylene glycol were added into the 500mL three-neck flask under Ar. Heating the mixture to reflux ,then 6mL NH 2 NH 2 was injected for three times and reflux for 4 hours. After finishing the reaction, the mixture was extracted with CH 2 Cl 2 and dry over anhydrous MgSO 4 . After rotary evaporation solvent under a reduced pressure, the crude was purified by column chromatography with ethyl acetate as eluent to afford the white powder product(1.6g, 43.3 % yield) Elemental analysis [%, C 11 ( Su H. C., 2008) 9H-4,5-diazafluoren (2.0 g) was dissolved in 10 mL THF, (CH 3 ) 3 COK (0.53 g) and 1-Bromo-2-ethylhexane (0.71 g) was added into the above THF solution. The mixture was stirred for 4 hours under room temperature. After rotary evaporation solvent THF under a reduced pressure, the crude was extracted with CH 2 Cl 2 , and then column chromatography with ethyl acetate/petroleum ether (1/1) as element to afford the colorless oily product (0.28 g). 62, 149.53, 131.51, 122.25, 51.16, 43.68, 34.53, 33.86, 28.01, 26.95, 22.56, 13.87, 10.12 . Elemental analysis [%, C 27 H 40 N 2 calculated] C, 82.60 (81.55), H, 10.27 (10.24) , N,7.13 (7.19).
Synthetic of the dye
RuCl 2 (p-cymene) 2 ] 2 (0.2106 g, 0.344 mmol) and 4,4 '-dicarboxylic acid 2,2'-bipyridine(0.167 g, 0.688 mmol) were dissolved in DMF (40 mL). The mixture was stirred at 70 ℃ for 4 hours under Ar. Subsequently, 9,9-[di-(2-ethylhexane]-4,5-diazafluorene (dedaf) ligand (0.27 g, 0.688 mmol) was added into the flask and the reaction mixture was stirred at 140℃ for 4 hours. At last, an excess of NH 4 NCS (2.09 g, 27.50 mmol) was added to the resulting solution and the reaction was continued for another 4 hours at the same temperature. The solvent was removed on a rotary evaporator; 30ml water was added to obtain a suspended solution. The solid was collected through suction filtration, washed with water and ether, and dried under a vacuum. The crude was dissolved in methanol solution of NaOH (0.05 M) and purified on a Sephadex LH-20 column. The collected main band was concentrated and slowly titrated with an acidic water solution (HNO 3 ) to PH 4.2. The precipitate was collected and dried in air. The molecular structure (I) of title ruthenium dye (C 41 170.67, 164.32, 160.64, 155.76, 153.83, 153.68, 152.52, 144.86, 144.74, 144.68, 134.44, 134.40, 134.34, 133.94, 127.37, 127.30, 126.79, 12.69, 126.50, 126.42, 123.63, 123.57, 79.74, 61.52, 36.73, 35.51, 29.51, 29.45, 28.70, 28.59, 28.49, 24.09, 23.57, 14.75, 14.70, 14.35, 11.13, 11.09 
The preparation of dye-sensitized solar cell
In order to detect efficiency and application prospect of the target dye molecule, we prepared the dye-sensitized solar cell using this dye. A double layer film of interconnected TiO 2 particles was used as mesoporous anode electrode(light absorbing layer).The button membrane consist of a 7 μm thick film of 20-nm-sized TiO 2 particles, the upper membrance consist of a 5 μm thick film of 400-nm-sized TiO 2 particles. The preparation procedures of TiO 2 nanocrystalline and nanostructure TiO 2 with double membranes electrode has been reported in the literature procedure. ( Wang P., 2003) The well-prepared nanostructure TiO 2 electrode with double membranes was strained by immersing it into a dye solution containing the above presented molecular structure(I) of ruthenium dye(300 μm), cheno (300 μm) in a mixture of acetonitrile and tert-butanol (volume ratio) for 12 hours. So the dye can absorb on the electrode and ensure to have a coverage of over 90 %. Then the glass electrode nano-platinum and nanostructure electrode TiO 2 with double membranes were separated by a 30μm thick holt-melt gasket and sealed up by heating. Finally, the electrolyte was injected the hole between two electrodes, and we got the wanted solar cell. The Fig.1 is the photocurrent action spectra (IPCE) and J-V characteristic of this solar cell.
Result and discussion
Compared to the traditional synthetic route, the synthetic route discussed in this thesis didn't use the procedures of lithiation and tination, and the reaction conditions was more mild, providing a novel method for the industrialization of the dye-sensitized solar cell. From the Fig.1 , we can see that the value of IPCE was to 7 % 
